The last common ancestor of all living animals appears to have possessed epithelial and 47 mesenchymal cell types that could transdifferentiate over an ontogenetic life cycle 48 ( Fig.1a) 1,4 . This capacity to develop and differentiate required a regulatory capacity to 49 control spatial and temporal gene expression, and included a diversified set of signalling 50 pathways, transcription factors, enhancers, promoters and non-coding RNAs (Fig. 1a ) [5][6][7][8][9] . 51
The most widely held, but rarely tested, hypothesis for the origin of animals is 22 that they evolved from a unicellular ancestor with an apical cilium surrounded by 23 a microvillar collar that structurally resembled present-day sponge choanocytes 24 and choanoflagellates 1-4 . Here we test this traditional view of the origin of the state changes that occur in many unicellular holozoans 5 . Together, these analyses 40 offer no support for the homology of sponge choanocytes and choanoflagellates, 41 nor for the view that the first multicellular animals were simple balls of cells with 42 limited capacity to differentiate. Instead, our results are consistent with the first 43 animal cell being able to transition between multiple states in a manner similar 44 to modern transdifferentiating and stem cells. 45 metazoans, choanozoans or holozoans: (i) choanocytes, which are internal epithelial 71 feeding cells that capture food by pumping water through the sponge; (ii) epithelial cells 72 called pinacocytes, which line internal canals and the outside of the sponge; and (iii) 73 mesenchymal pluripotent stem cells called archeocytes, which inhabit the middle 74 collagenous layer and have a range of other functions ( Fig. 1 and Supplementary Video 75 1) 2,14-16 . These three cell types were manually picked and frozen within 15 minutes of A. 76 queenslandica being dissociated (see Methods and Supplementary Video 2). Their 77 transcriptomes were sequenced using CEL-Seq2 17 and mapped to the Aqu2.1 annotated 78 genome 18 . This approach allowed visual verification of the three cell types, minimised 79 the time for transcriptional changes to occur after cell dissociation, and allowed for 80 deep sequencing of cell type transcriptomes (Extended Data Table 1 , and 81
Supplementary Files S1 and S2). 82
Principle component analysis (PCA) and sparse partial least squares discriminant 83 analysis (sPLS-DA) 19 reveal that the transcriptomes of the three A. queenslandica cell 84 types are unique, with choanocytes being the most distinct ( Fig. 2a and Extended Data 85 Fig. 1 ). Of 44,719 protein-coding genes, 11,013 genes were identified as significantly 86 differentially expressed in at least one cell type from pairwise comparisons between the 87 three cell types using DESeq2 20 ( Fig. 2b and Supplementary File S3). Significant 88 differences between cell types were independently corroborated by sPLS-DA, which 89 highlighted a subset of 110 genes that explain 15% of the variance in the dataset and 90 clearly discriminate the choanocytes from the other two cell types (Extended Data Fig.  91 1). This subset includes numerous putative immunity genes that typically encode 92 multiple domains in unique configurations, including scavenger receptor cysteine-rich, 93 tetratricopeptide repeat and epidermal growth factor domains (Supplementary File S4). 94
From the DESeq2 analysis, we find that archeocytes significantly upregulate genes 95 involved in the control of cell proliferation, transcription and translation, consistent 96 with their function as pluripotent stem cells ( Fig. 2c and Supplementary File S5). In 97 contrast, choanocyte and pinacocyte transcriptomes are enriched in suites of genes 98 involved in cell adhesion, signalling and polarity, consistent with their role as epithelial 99 cells ( Fig. 2d ; Extended Data Figure 2 and Supplementary File S5). 100
We identified the evolutionary age of all protein coding genes in the Amphimedon 101 genome as well as the genes significantly and uniquely up-regulated in each cell-type 102 specific transcriptome using phylostratigraphy, which is based on sequence similarity 103 with genes in other organisms with a defined phylogenetic distance 21 . Specifically, we 104
classified Amphimedon genes as having evolved (i) before or (ii) after divergence of 105 metazoan and choanoflagellate lineages (these are called pre-metazoan and metazoan 106 genes, respectively), or (iii) after divergence of the sponge lineage from all other 107 animals (sponge-specific genes). In total, the A. queenslandica genome is comprised of 108 28% pre-metazoan, 26% metazoan and 46% sponge-specific protein-coding genes ( Fig.  109 3a and Supplementary File S6). We find that 43% of genes significantly up-regulated in 110 choanocytes have homologues detectable only in sponges, which is similar to the entire 111 genome (Fig. 3b ). In contrast, 62% of genes significantly up-regulated in the pluripotent 112 archeocytes belong to the evolutionarily oldest pre-metazoan category, which is 113 significantly higher than 28% for the entire genome ( Fig. 3c ). As with archeocytes, 114 pinacocytes express significantly more pre-metazoan and fewer sponge-specific genes 115 than would be expected from the whole genome profile ( Fig. 3d ). Results supporting 116 this analysis are obtained when we (i) undertake the same phylostratigraphic analysis 117 of all genes expressed in these cell types, taking also into account relative transcript 118 abundances (Extended Data Fig. 3 and Supplementary File S7), or (ii) classify gene age using an alternative method to identify of orthogroups (homology cluster containing 120 both orthologues and paralogues) 22 among unicellular holozoan, yeast and Arabidopsis 121 coding sequences (Extended Data Fig. 4 ). 122
Comparison of A. queenslandica cell-type transcriptomes with stage-specific 123 transcriptomes from the choanoflagellate S. rosetta 10 , the filasterean C. owczarzaki 11 and 124 the ichthyosporean C. fragrantissima 12 reveals that archeocytes have a significantly 125 similar transcriptome to the colonial stage of the choanoflagellate and the multinucleate 126 stage of the ichthyosporean (Fig. 3e ). Consistent with this result, the significantly up-127 regulated genes in the colonial or multinucleate stages of all three unicellular holozoans 128
share the highest proportion of orthogroups with genes significantly up-regulated in 129 archeocytes (Extended Data Fig. 5 ). In contrast, choanocyte and pinacocyte 130 transcriptomes have no significant similarity to any known unicellular holozoan 131 transcriptome, and share a lower proportion of orthogroups with unicellular holozoans 132 compared to archeocytes ( Fig. 3e and Extended Data Fig. 5a ). 133
When we compare the 94 differentially up-regulated transcription factor genes in A. 134 queenslandica choanocytes, pinacocytes and archeocytes, we find no marked difference 135 in their phylostratigraphic age, suggesting that the gene regulatory networks 136 operational in these cells are of an overall similar evolutionary age (Extended Data Fig.  137 6 and Supplementary File S8). We detected 20, 25 and 21 orthologues of the 43 138 evolutionarily-oldest (i.e. pre-metazoan) transcription factor genes expressed in the 139 Amphimedon cells in the genomes of Salpingoeca, Capsaspora and Creolimax 140 respectively, with 9 of these being present in all species (Supplementary File S8). 141
Comparison of the expression profiles of the transcription factor genes shared among 142 these unicellular holozoans and Amphimedon revealed no evidence of a conserved, co-143 expressed gene regulatory network (Extended Data Fig. 7 and Supplementary File S8).
However, the proto-oncogene Myc and its heterodimeric partner Max are up-regulated 145 in A. queenslandica archeocytes (Extended Data Fig. 6 ), as observed in other metazoan 146 self-renewing pluripotent stem cells 23 . Myc and Max are present also in 147 choanoflagellates, filastereans and ichthyosporeans, where they heterodimerise and 148
bind to E-boxes just as they do in animals [10] [11] [12] 24 . Myc is expressed in the proliferative 149 stage of Capsaspora, where it regulates genes associated with ribosome biogenesis and 150 translation 6 . Sponge archeocytes also have enriched expression of genes involved in 151 translation, transcription and DNA replication ( Fig. 2c ). This suggests that Myc's role in 152 regulating proliferation and differentiation predates its role in bilaterian stem cells and 153 cancer 23,25 , and was likely a cardinal feature of the first metazoan cell. 154
Given that we found no transcriptional support for homology of A. queenslandica 155 choanocytes and choanoflagellates, but did find evidence for pluripotent archeocytes 156 expressing a largely premetazoan transcriptome, we sought to investigate the 157 relationships of these cell types in the context of development and the body plan. In 158
Amphimedon and most other sponges, archeocytes form during embryogenesis to 159 populate the inner cell mass of the larva and are the most prevalent cell type during 160 early metamorphosis 15 . As metamorphosis progresses, these archeocytes differentiate 161 into other cell types that populate the juvenile body plan, including choanocytes and 162 pinacocytes, the former of which can transdifferentiate into other cell types 16,26 . To 163 further understand the stability of choanocytes and the dynamics of 164 transdifferentiation, we selectively labelled choanocytes in 3 day old juvenile A. 165 queenslandica with CM-DiI ( Fig. 4a ) and followed their fate over 24 hours (Fig. 4b) . 166
Within 4 hours of labelling, many choanocytes dedifferentiated into archeocytes ( Fig.  167 4c, d, Supplementary Video 3); this did not require prior cell division (Extended Data 168 Fig. 8 ). By as little as two hours later, some of these CM-DiI labelled archeocytes had differentiated into pinacocytes ( Fig. 4e ); within 12 hours, we detected multiple labelled 170 cell types ( Fig. 4e, f ). Together, these results suggest that archeocytes are essential in 171 the development and maintenance of the A. queenslandica body plan, as appears to be 172 the case in other sponges 15 . Unlike archeocytes, choanocytes appear late in 173 development and exist in a metastable state, sometimes lasting only a few hours before 174 dedifferentiating back into archeocytes ( Fig. 4g , Extended Data Fig. 8 ). 175
In conclusion, our analysis of sponge and unicellular holozoan cell transcriptomes, 176
development and behaviour provides no support for the long-standing and widely-held 177 hypothesis that multicellular animals evolved from an ancestor that was an 178 undifferentiated ball of cells resembling extant choanocytes and choanoflagellates [1] [2] [3] [4] . 179
This conclusion is corroborated by recent studies that question the homology of 180 choanocytes and choanoflagellates based on cell structure 27,28 . As an alternative, we 181 posit that the ancestral metazoan cell type, regardless of its external character, had the 182 capacity to exist in, and transition between, multiple cell states in a manner similar to 183 modern transdifferentiating and stem cells. Previous analyses of holozoan genomes 184 support this postulate, with some of the genomic foundations of pluripotency being 185 established deep in a unicellular past 6,24 . Genomic innovations unique to metazoans, 186
including the origin and expansion of key signalling pathway and transcription factor 187 families, and regulatory DNA and RNA classes 7,9,29 , may have conferred the ability of this 188 ancestral pluripotent cell to evolve a regulatory system where it could co-exist in 189 multiple states of differentiation, giving rise to the first multicellular animal. 
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Correspondence and requests for materials should be addressed to Seq2 were comprised of pools of either five to six archeocytes or pinacocytes, or a single 368 choanocyte chamber (~40-60 cells) (Extended Data Table 1 ). Based on differences in 369 cell size, we estimated that these pools have similar amounts of total RNA. Three 
Analysis of differentially expressed genes 387
The mapped read counts were analysed for differential gene expression using the 388 bioconductor package DESeq2 20,31 (see additional supplementary data on Dryad: 389 /DESeq2/). Genes that had read counts with a row sum of zero were removed. Principle 390 component analyses (PCA) were performed on blind variance stabilising transformed (vst) counts obtained using DESeq2 and were visualised using the ggplot2 package 32 . 392
Pairwise comparisons were conducted between each of the three cell types to generate 393 a differentially expressed gene (DEG) list for each cell type using a false discovery rate 394 (FDR) < 0.05. Venn diagrams were generated using VENNY 395 (http://bioinfogp.cnb.csic.es/tools/venny) to visualise and compare the list of DEGs 396 between each cell type. Heat maps were generated using the R-packages pheatmap 33 397
and RColorBrewer 34 to visualise the expression patterns between the cell types using 398 the vst transformed counts, which were scaled into z score values ranging from -1 (low 399 expression) to 1 (high expression). 400
All protein coding genes were annotated using blastp (e-value cutoff = 1e-3) and 401
InterProScan (default settings), which were merged in Blast2GO 35,36 . KEGG annotations 402
were obtained using the online tool BlastKOALA 37 (see additional supplementary data 403 on Dryad: /KEGG annotation). Pathway analyses were performed using the annotations 404 on the KEGG Mapper -Reconstruct Pathway tool 38 . Complete DEG lists with BLAST2GO, 405
InterPro, Pfam, and phylostrata ID can be found in Supplementary File S3, as well as 406 KEGG pathway enrichments in Supplementary File S5. 407
To identify the genes that best explain differences among cell type transcriptomes, 408 we adopted the multivariate sparse Partial Least Squares Discriminant Analysis (sPLS-409 DA) 19 , implemented in the mixOmics package 39 in R v3.3.1 (see additional 410 supplementary data on Dryad: /sPLS-DA/README.txt). This is a supervised analysis 411 that uses the sample information (cell type) to identify the most predictive genes for 412 classifying the samples according to cell type. The optimised numbers of genes per To compare the gene lists between species in all downstream analyses, species-specific 453 gene names were changed to the common orthogroup identifier. 454
Orthology analyses between A. queenslandica and S. rosetta, C. fragrantissima, and C. 455 owczarzaki cell types were performed using the cell type-specific DEG lists obtained 456 from previous studies on S. rosetta 10 , C. fragrantissima 12 , and C. owczarzaki 11 . The 457
BioConductor package, GeneOverlap 42 , was used to identify (1) the number overlapping 458
OGs between species and cell type, and (2) the statistical significance of that overlap 459 based on list size and total number of OGs (see additional supplementary data on Dryad: 460 / Fig.3e ). This function provided the odds ratio between the OG lists, where the null 461 hypothesis was no significant overlap (odds ratio value of 1 or smaller) and the 462 alternative being a significant overlap detected between the lists (odds ratio value over 463 1), as well as a p-value calculated for odds ratio values over 1. 464
To supplement phylostratigraphy analyses of Amphimedon cell-type specific gene 465 lists ( Fig. 3 and Extended Data Fig. 3) , the BioConductor package, GeneOverlap 42 was used to identify the number and percentage of orthogroups that are also present in the 467 genomes of Arabidopsis thaliana, Saccharomyces cerevisiae, Creolimax fragrantissima, 468
Sphaeroforma arctica, Capsaspora owczarzaki, Monosiga brevicollis, and Salpingoeca 469 rosetta (Extended Data Fig. 4 and Extended data Fig. 5 ; see additional supplementary 470 data on Dryad: /ED_Fig4 and ED_Fig5) 471 472
Classification of gene expression levels into quartiles 473
In addition to differential gene expression analyses for Amphimedon transcriptomes, the 474 relative gene expression levels for all cell types were assigned to one of four expression 475 quartiles based on the number of reads that mapped to a given Aqu2.1 gene model 476 (Extended data Fig. 3 ). All zero read counts were discarded and the mean expression 477 value of the non-transformed normalised count values of all samples (from all cell 478 types) was used to calculate the quartile values. These values (Q1: 2.30, Q2: 6.06, Q3: 479 15.83) were used to classify the expression of all of genes in each cell type into four 480 groups based on transcript abundance, ranging from lowest (Q1) to highest (Q4). 481
Phylostrata enrichments for the different quartile value thresholds were performed 482 as described above for the cell type DEG lists; heat maps were generated using 483 pheatmaps 33 in R (see additional supplementary data on Dryad: /ED_Fig3_files). All 484 downstream analyses used the median value (Q2: 6.06) as a cut-off value to obtain a list 485 of expressed genes. Orthology analyses using FastOrtho were performed as described 486 above, and the percentage of genes with shared orthologous group (OG) in each gene File S8). 508
The evolutionary age of each of the expressed transcription factors was first assigned 509 based on the DBD contained in the gene model and then manually curated based 510 primarily on literature (Supplementary File S8). From this, each TF was assigned as 511 either originating in sponges after diverging form other animals (sponge-specific), in 512 metazoans after they diverged from choanoflagellates (metazoan) or before metazoans 513 diverged from choanoflagellates (premetazoan). 514 515
Analysis of juvenile cell fate and proliferation
Larvae were collected as previously described 67 , left in FSW overnight and then placed 517 in sterile 6-well plates with 10 ml of FSW for 1 hour in the dark with live coralline algae 518
Amphiroa fragilissima. Postlarvae settled on A. fragilissima were removed using fine 519 forceps (Dumont #5) and resettled on to round coverslips placed in a well with 2 ml 520 FSW in a sterile 24-well plastic plate, with 3 postlarvae placed on each coverslip. 521
Metamorphosis from resettled postlarvae to a functional juvenile takes approximately 522 72 hours 16, 68 . For all samples, FSW was changed daily until fixation. 523
The lipophilic cell tracker CM-DiI (Molecular Probes C7000) was used to label 524 choanocyte chambers in juveniles as previously described 16 Extended Data Fig. 8 
